, and B1013_A and protective AAGG_1, and AAGG_7 marker alleles were observed. Moreover, interactions were seen between alleles 6A 2 and 1A 3 ( ) and between 1A 3 and B1013_A ( ). The P p .0064 P p .036 findings indicate a possible involvement of SP alleles in tuberculosis pathogenesis.
been characterized [8] , and methods that allow for the detection of specific SP-A or SP-D alleles have been developed [8] .
SP-A and SP-D bind M. tuberculosis and modulate phagocytosis by alveolar macrophages. The binding of SP-A or SP-D to M. tuberculosis appears to be saturable, calcium dependent, and inhibited by carbohydrates [9] [10] [11] . Bronchoalveolar lavage (BAL) fluid from human immunodeficiency virus (HIV)-infected persons significantly promotes the attachment of M. tuberculosis to alveolar macrophages, and SP-A has been implicated as the molecule that promotes the enhanced attachment. SP-A levels are increased in BAL fluid of HIV-infected persons [12, 13] . The SP-D binding of M. tuberculosis results in agglutination of bacteria, but it is not known whether the agglutinated M. tuberculosis are cleared by yet unknown mechanisms or whether bacterial agglutination promotes their uptake into the host cell by novel mechanisms [9] . Therefore, it is not known whether SP-D should be considered a risk or a protective factor for M. tuberculosis infection.
Because of the importance of SP-A and SP-D in the local host defense of the lung, the potential role of these proteins in M. tuberculosis infection, and the seriousness of the M. tuberculosis health problem, we undertook the present study. Specifically, we determined the frequencies of SP-A, SP-D, or SP-B alleles in persons with active tuberculosis, in persons without tuberculosis who were tuberculin-skin test positive and who lived in an environment similar to the persons with tuberculosis, and a general control group composed of healthy persons with unknown living conditions and with no information regarding their ability to react to M. tuberculosis. We included SP-B, because SP-B is essential for normal lung function [14] , and suboptimal levels of SP-B appear to compromise lung function [15] . Thus, we reasoned that this locus may play an indirect role by compromising Table 1 . normal lung function, which may promote M. tuberculosis infection.
SP-A-, SP-B-, SP-D-, and SP-B-linked

Patients and Methods
Study population. Study entry of patients and control subjects and sample procurement were conducted at the National Institute of Respiratory Diseases in Mexico City (INER). INER is one of the National Institutes of Health in Mexico and is a tertiary referral and research center. The study was composed of 3 groups of persons whose families had been born in Mexico for at least 3 generations.
Group 1 was composed of 107 patients with active pulmonary tuberculosis. These patients (mean age, years; 46 38.8 ‫ע‬ 16.3 women and 61 men) were randomly recruited from all inpatients and outpatients attending the INER over 1.5 years on the basis of their willingness to participate. Diagnosis was confirmed by positive sputum specimens for acid-fast bacilli on microscopic examination and/or positive sputum culture for M. tuberculosis. Persons who were diabetic or HIV-infected were excluded from the study.
Group 2 was composed of 71 tuberculosis contacts recruited from the tuberculosis contact clinic (mean age, years; 41 32.3 ‫ע‬ 11.5 women and 30 men). All had household contact with tuberculosis patients and had a positive tuberculin skin test, as defined by an induration 110 mm. Tuberculin test screening was done by the Mantoux method, using 2 tuberculin units of purified protein derivative (PPD) RT 23. Of these tuberculin-skin test positive subjects, 17 (24%) were relatives of the tuberculosis patients. All contacts were symptom-free and had normal chest radiographs.
The third group was composed of 101 sequential, unrelated, nonsmoking healthy adult INER blood donors (mean age, years; 20 women and 81 men) who served as general 32.3 ‫ע‬ 10.3 control subjects. The transfusion service at INER serves the geographic areas from which the patients were recruited. We estimate that this population is 10%-30% PPD positive [16, 17] (Olvera R, INER, unpublished data).
Genotype analysis. SP-A, SP-B, and SP-D genotype analyses were conducted, using a polymerase chain reaction (PCR)-based converted restriction fragment length polymorphism method, as described elsewhere in detail [8, 18] . Genomic DNA was used as template for PCR.
SP-A. The SP-A genotyping was done as described elsewhere [8] . In brief, a 3.3 kb SP-A1-or SP-A2-specific fragment was amplified and served as a template for subsequent reactions to score specific SP-A1 or SP-A2 alleles. The specificity of the 3.3-kb genespecific fragments was further confirmed by converted PCR at amino acid 85, which is a cysteine (TGT) in all SP-A1 alleles and an arginine (CGT) in all SP-A2 alleles [6] . To distinguish individual SP-A1 alleles, converted PCR was done at 5 amino acid positions: AA19, AA50, AA62, AA133, and AA219. This nucleotide change may or may not result in a different encoded amino acid. To distinguish SP-A2 alleles, converted PCR was done, as described elsewhere [8] , at 4 amino acid positions: AA9, AA91, AA140, and AA223.
SP-B. The SP-B genotyping was carried out as described elsewhere [18] . In brief, an 11-kb fragment that contains the entire SP-B gene was amplified from genomic DNA, and this 11-kb fragment served as a template in subsequent converted PCRs. To distinguish SP-B alleles, converted PCR was carried out at nucleotide positions Ϫ18(A/C), 1013 (A/C), 1580 (C/T), and 9306 (A/G) [18] . The scoring of alleles was made according to the DNA patterns, as described elsewhere [18] .
SP-B-linked microsatellite markers. Genotyping was carried out for 4 SP-B flanking microsatellite markers, as described elsewhere [19] . Three of these markers (D2S2232, D2S388, and [AAGG] n ) are located at the 5 end of the SP-B gene at ∼130, 64, and 27 kb, respectively [19, 20] . The fourth marker (GATA41E01) is located at the 3 end of the SP-B gene at ∼1064 kb [19, 20] . For each marker, a specific end-labeled 32 P-gATP primer was used for PCR, the PCR products were run on a 6% PAGE sequencing gel (Bio-Rad Laboratories, Hercules, CA), and the gel was dried and exposed to X-AR film (Kodak). The scoring of alleles was made according to control allele DNA patterns, as described elsewhere [19] .
SP-D. For SP-D genotyping, 2 1-kb fragments were amplified from genomic DNA. One fragment contained amino acid 11 (DA11), and the other contained amino acid 160 (DA160). Each 1-kb fragment served as template for converted PCR at DA11 or DA160 sites [8] .
Statistical analyses. The statistical analyses included univariate and multiple logistic regression analyses. The 3 subject groups were (1) tuberculosis patients, (2) healthy tuberculin-skin test positive subjects, and (3) general control subjects (healthy nonsmokers). The variables (marker alleles) considered are shown in table 1.
Univariate analyses. For each of the SP-A, SP-B, and SP-D biallelic markers, analyses were also performed in 2 ways by logistic regression. First, we considered that the alleles have a dose effect, that is, being homozygous for a given allele has a different effect than being heterozygous. In logistic regression, an indicator allele for heterozygosity and an indicator for allele homozygosity were created. We also repeated the same analysis while switching the original baseline with its counterpart. Because very few tests for dose effect were significant regardless of the allele chosen for baseline, we considered it reasonable to consider that 1 allele has the same effect as 2 identical alleles. In the second analysis, an indicator was created for each marker for the presence of у1 copy of the particular allele that resulted in the less significant P value for testing the dose effect. Test for significance was performed using logistic regression, except we used the Fisher's exact test when the expected frequency of the markers was too small. Because the markers shown to be significant in the univariate analysis would be considered, at least initially, in the multivariate analysis, a less strict P value ( ) was used. P p .1 Analyses were performed in a similar way for the SP-A2 and SP- A1 multiallelic markers and for the microsatellites. The allele 1A of SP-A2 and allele 6A of SP-A1 served as the baseline for the creation of indicators. These alleles were not significantly different in either comparison: tuberculosis patients versus tuberculin-skin test positive subjects or tuberculosis patients versus healthy control subjects. In addition, dummy variables were created for each microsatellite that had a count 110, indicating for which subjects that this was true. In these analyses, only the D2S388 and D2S2232 variables had any subjects with counts 110.
Multivariate analysis. When we assumed no dose effect for the alleles, we constructed multivariate logistic regression models, using backward selection methods with staying significance levels equal to .05. The alleles that entered the model were preselected, that is, only the alleles shown to be significant by univariate analysis ( ) were considered in the model.
Allele interactions. The P values shown for the allele interactions were determined by Breslow-Day test [21] instead of by logistic regression in the cases in which the odds ratio (OR) of 1 subgroup was either infinity or zero.
Results
Tuberculosis group versus tuberculin-skin test positive group. Significant differences (
) in the univariate analysis (table 2) P ! .1 were observed for SP-A1 marker alleles (AA19_C, AA50_G, AA62_A, and AA133_G) for SP-A2 (1A), for SP-D (DA11_C), and for microsatellite marker alleles (D2S388_7, AAGG_2, and GATA_3; table 2). Of these, on the basis of an , the OR ! 1 AA50_G, AA62_A, D2S388_7, and AAGG_2 marker alleles appeared to be associated with a decreased risk for tuberculosis, whereas the other marker alleles (OR, 11) appeared to be associated with an increased risk for tuberculosis.
When these marker alleles were considered in the multivariate analysis (table 3), 3 alleles were significant: the SP-D (DA11_C) and the microsatellite marker alleles AAGG_2 and GATA_3. The DA11_C and the GATA_3 appeared, on the basis of ORs of 2.81 and 2.13, respectively, to be associated with an increased risk for tuberculosis, whereas the AAGG_2 marker allele (OR, 0.201) was associated with a decreased risk for tuberculosis. The DA11_C marker allele corresponds to a threonine (ACG) at amino acid 11 of SP-D, whereas the DA11_T allele corresponds to a methionine (ATG). This regression model was good, with a c statistic of 0.695 [22] . The c statistic should be ; the larger 0.5 ! c ! 1.0 the c statistic, the better the predictive ability of the model. ), and SP-B (B1013_A) marker alleles, on the basis of their ORs (4.51, 9.57, and 2.36, respectively), appear to be associated with an increased risk for tuberculosis, whereas the microsatellite alleles AAGG_1 (OR, 0.12) and AAGG_7 (OR, 0.26) appear to be associated with a decreased risk for tuberculosis. The 6A 4 allele differs at amino acid 219 from all other commonly found SP-A alleles (Trp for 6A 4 and Arg for others); the 1A 3 differs at amino acid 223 (Lys for 1A 3 and Gln for others, except for 1A 1 ) from other alleles. These differences are located within the CRD of SP-A, a domain that is implicated in the binding of M. tuberculosis [10, 11] . Whether these amino acid differences within the CRD of SP-A have an impact on the binding of M. tuberculosis remains to be determined.
A nucleotide substitution (A/C) at the splice junction of intron 2-exon 3 of SP-B [18] is noted by the B1013_A marker allele. Although a transversion from CrA occurs frequently (74%-87%) at the specific position of the consensus splice sequence, its impact (if any) on splicing is unknown. The AAGG_1 and AAGG_7 marker alleles flank SP-B and may represent unknown SP-B-linked genes that are involved in the pathogenesis of tuberculosis.
Assessment of marker alleles of tuberculosis versus tuberculinskin test positive (homogeneous) or general (heterogeneous) control groups: allele/allele interactions.
To study whether the presence of marker allele X would affect the susceptibility to (or protection from) tuberculosis for persons with marker allele Y, we studied allele/allele interactions for alleles from the 2 figure 1 . We also assessed the SP-A1 marker allele, AA50_G, which was significant in both sets of univariate comparisons. A similar OR was observed in both comparisons (tables 2 and 4).
Significant interactions for the tuberculosis versus tuberculinskin test positive comparison were observed between alleles 1A 3 and B1013_A ( ; figure 2) . For the tuberculosis versus P p .036 general control comparison, interactions were observed between alleles AA50_G and 1A 3 ( ; figure 3) . Because the SP-P p .005 A1 allele 6A 2 is distinguished from all other SP-A1 alleles by AA50_G, we wished to assess whether the 2 (6A 2 and AA50_G) marker alleles can be interchanged and, by extension, whether these alleles identify the same subgroup. Thus, we studied allele interactions (1A 3 , X) in which we replaced AA50_G with allele 6A 2 . Figure 3 shows that similar results were observed in the respective allele interactions with either AA50_G or 6A 2 . For example, persons who have both alleles AA50_G and 1A 3 or 6A 2 and 1A 3 always develop tuberculosis (100% of the time; figure  3 ), presumably under certain environmental conditions (i.e., after exposure to M. tuberculosis). These observations suggest that AA50_G and 6A 2 identify the same subgroup. However, although the P value for the interactions shown in figure 3 is very low, caution should be exercised in the interpretation of this interaction, because the 1A 3 allele is not one of the most common alleles [8] and also because the P value in the univariate analysis of tuberculosis versus tuberculin-skin test positive groups is not very low ( ). Therefore, a much larger sample size is P p .095 needed to firmly establish this putative interaction.
For the observed interactions (figures 2 and 3), the effect on disease outcome (i.e., tuberculosis) is additive. For example, of the subjects with active tuberculosis, 73 (57.9%) of 126 subjects and 1 (33.3%) of 3 subjects had marker alleles 1A 3 and B1013_A, respectively (figure 2). However, if both marker alleles are present in the same person, 8 (88.8%) of 9 subjects of the 1A 3 (ϩ)/B1013_A(ϩ) are identified with tuberculosis.
Discussion
M. tuberculosis as an intracellular pathogen employs several mechanisms to gain entry into macrophages to secure its survival [2] . Therefore, molecules that may promote its uptake by alveolar macrophages may be viewed as being advantageous for its survival but detrimental to the host's well being, whereas molecules that promote its clearance may be considered as detrimental for M. tuberculosis and advantageous to the host. Because SP-A and SP-D bind to M. tuberculosis [9] [10] [11] and to alveolar macrophages [10, 11] , these molecules may play a role in M. tuberculosis infection. Moreover, because SP-B is essential for normal lung function [15] , SP-B may play an indirect role in M. tuberculosis infection via its ability to further compromise lung function in the presence of M. tuberculosis in infection. Since several alleles have been described for SP-A, SP-D, and SP-B, in this study we investigated the hypothesis that certain SP alleles are found with higher frequency in persons with active tuberculosis. Such alleles may be viewed as contributors to tuberculosis and may explain, in part, the individual variability in the susceptibility to tuberculosis. The results revealed that certain SP-A, SP-B, SP-D, and microsatellite SP-B-linked marker alleles associate with increased or decreased risk for tuberculosis. These studies also revealed allele interactions with additive effects on disease outcome, indicating that the use of multiple markers may better predict risk for disease.
The marker alleles that appear to play a role in the pathogenesis of tuberculosis, as assessed by their association with increased or decreased risk for tuberculosis, are shown in figure  1 .
The SP-D (DA11_C), SP-A2 (1A
3 ), and SP-A1 (6A
4
) alleles are distinguished from other alleles by amino acid differences. The DA11_C marker allele of SP-D has a threonine (ACG) at amino acid 11, whereas the DA11_T allele corresponds to a methionine. Although the significance of this change is unknown, this change may identify an allele that may aggregate M. tuberculosis more or less efficiently and thus have an impact on its clearance or on its uptake by alveolar macrophages [9] . SP-D agglutinates M. tuberculosis through its ability to bind, via its CRD, to terminal oligosaccharide of the lipoglycan, lipoarabinomannan, on the surface of the M. tuberculosis. On the basis of available information, it is unknown whether the agglutinated bacteria are cleared by the mucociliary system or taken up by the alveolar macrophages via unknown mechanisms and, by extension, whether SP-D is beneficial to M. tu- berculosis or to the host [9] . However, the results from the present study indicate, on the basis of OR results, that the SP-D allele (DA11_C) may be a susceptibility factor for tuberculosis.
The SP-A1 (6A 4 ) allele and the SP-A2 (1A 3 ) alleles differ from most or all other alleles by amino acid 219 and amino acid 223 [5] , respectively. Both of these amino acid differences are located within the CRD, which is implicated in the binding of M. tuberculosis [10, 11] . Should the amino acid differences (Trp for 6A 4 and Arg for other; Lys for 1A 3 and Gln for other, except 1A ]) differ in amino acids that are located within the core sequence, which distinguishes SP-A1 from SP-A2 alleles [6] , and these amino acids hold the potential for differential sensitivity to oxidation. These may have a further effect on the functional and/or structural capabilities of these alleles. In fact, oxidized SP-A, following in vitro or in vivo exposure to ozone, alters its structural and functional capabilities as assessed by its ability to bind carbohydrates and self-aggregate [24] , its decreased ability to inhibit phosphatidylcholine secretion by type II cells [25] , and its impaired interaction with alveolar macrophages [25] .
Heterogeneity due to differences either in genetic background or environmental conditions is a major challenge in the study of human disease and is probably one source of apparent discrepancies in case-control study results in the literature. Each of the control groups in our study (i.e., tuberculin-skin test positive and general control) represents a slightly different group of subjects and may address different points. The tuberculin-skin test positive control group may be viewed as the resistant group because, despite exposure to mycobacterium, these persons did not develop disease. The general control, on the other hand, represents the general population, whose exposure and response to mycobacterium is unknown. Therefore, the findings from this comparison reflect findings that may be applicable to the general Mexican population rather than to a selective subgroup (i.e., more resistant to infection). In the present study, we observed differences in marker alleles associated with increased or decreased susceptibility to tuberculosis (figure 1), when the tuberculosis group was compared with a homogeneous control group (tuberculin-skin test positive) or to a heterogeneous general control, in which the positivity of the tuberculin skin test and living conditions were unknown. These differences indicate that caution should be exercised in the definition of experimental and control groups and that findings should be interpreted within the context of subject ascertainment and experimental design.
For the markers tested, there is a possibility that some results were significant by chance alone. For example, of the 35 markers considered in table 1, if each marker is tested individually at the a level of .05, the probability of observing у1 significant markers by chance is .83; for у3 markers, it is .25; and for у6 markers, .01. Three and 6 markers with were identified P ! .05 in tables 2 and 3, respectively. Thus, some of the markers shown in tables 2 and 3 may be expected to be due to chance alone, and some may not. However, the probabilities (.25 and .01) are low.
In summary, we observed that certain SP-A, SP-B, SP-D, and SP-B flanking marker alleles associate with an increased or decreased risk for tuberculosis. We also observed interactions among some of these alleles with additive effects on the disease outcome. Furthermore, results obtained from the univariate, multivariate, and allele interaction analyses indicate that dif- . ϩ, Presence of allele; Ϫ, absence of allele. ferences in genetic background or environment may have an effect on the disease outcome. Thus, clinical and/or genetic markers should be used to identify appropriate homogeneous groups for the study of human disease.
